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Under a grant from the National Air Pollution Control 
Administration, the Missouri Geological Survey undertook 
ii 
a core drilling program of coals in north-central Missouri. 
The chemical and petrographic characteristics of five 
complete samples of the Croweburg coal recovered from 
this drilling project are major contributions of this 
study. Detailed lithologic logs of the drill cores are 
an additional contribution of the investigation. 
Megascopic lithotypes of vitrain, fusain, clarain, 
and durain as well as areas of mineral matter are described 
from polished column samples of the Croweburg coal for 
the first time in Missouri. 
Measured Croweburg coal sections from five drill 
cores show thicknesses ranging from 12.5 to 25.5 inches. 
The coal bed is composed primarily of finely laminated 
clarain. This generally increases in percent towards 
the west. Vitrain bands are present but seldom exceed 
four millimeters in thickness. Fusain occurs along 
bedding planes in very thin lenses. Durain was observed 
in only one coal section. Both authigenic and secondary 
mineral inclusions are present in the coal with the 
content generally increasing towards the east. 
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Proximate and ultimate analyses, sulfur content, 
BTU, and ash fusibility are tabulated for the five coal 
sections. Average sulfur content is 5.5 percent with a 
range of 3.9 to 10.3. BTU value of the coal averages 
14,194. 
Microscopic components identified and counted under 
reflected light included vitrinite, exinite, inertinite, 
and mineral matter. Vitrinite averages 86.1 percent, 
inertinite 3.7 percent, and exinite 2.8 percent. Mineral 
matter and pyrite averages 7.4 percent. Vitrinite generally 
increases towards the west, whereas inertinite, exinite, 
and mineral matter generally increase towards the east. 
Practical uses of coal petrography in exploration 
and exploitation of coal mine lands are suggested. Other 
practical applications such as coal correlation, cost 
estimates in mining, and coal preparation are briefly 
described. 
Five detailed logs of the diamond drill hole cores 
are included as appendixes. These coals were logged 
using a system which describes the lithology, grain size, 
angularity, and standard colors. Also recorded were 
structure, alteration, and mineral inclusions. Ultra-
violet light inspections and radiometric measurements 
were made on all the core. Dark shales show the greatest 
radiometric response with decreasing counts for lighter 
shales, sandstone, limestone, siltstone, clay, and coal 
in this order. Only calcite in limestones and coals 
reacted to the ultraviolet light. 
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Recent estimates show Missouri to possess 49.9 billion 
tons of coal resources. Included in the resource category 
is all coal over 12 inches thick which can reasonably be 
assumed to exist. Of these coal resources, 31.7 billion 
tons is inferred by mapping and physical exploration 
(Robertson, 1971). This places Missouri ninth in resources 
among the coal states. In 1970, approximately 4.5 million 
tons of coal were mined in the state. The value exceeded 
22 million dollars. 
The present paper was written in an effort to help in 
the understanding of the physical and chemical properties of 
one o£ the more important coals in these resources in the 
state--the Croweburg coal. This coal, like almost all 
other coal in Missouri is of the stratified type. That is, 
in a transverse section of coal, bright bands alternate with 
dull and semi-lustrous bands. These bands show considerable 
variation in physical and chemical properties. The accurate 
description and understanding of the occurrence of the 
bands and their constituents is important and may relate to 
coal exploration, correlation, and evaluation and even to 
the final preparation of the coal. 
Because of the need for information on physical and 
chemical properties and the availability of good core samples 
obtained in a recent physical exploration program, the 
Croweburg coal in north-central Missouri was selected £or 
detailed description and study. The objectives were to 
study the coal for its physical composition and chemical 
analysis. This information should prove useful in future 
coal investigations and evaluations. Hopefully, it will 
stand as a guide for additional studies and applications 
in coal technology in Missouri and elsewhere. 
A. Scope of Investigation 
Samples of the Croweburg coal were taken from five 
drill hole cores recovered in Sullivan and Mercer Counties 
in north-central Missouri (Fig. 1). The Croweburg coal 
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was specifically selected for study because of its relatively 
certain stratigraphic corr~lation through its position of 
from 2 to 36 feet beneath a persistent calcareous shale or 
limestone interval. The Croweburg coal ranges from 12 to 
25.5 inches in thickness in the five holes representing an 
area of approximately 500 square miles. A general physical 
description of. the Croweburg formation as well as other 
coal-bearing formations (Fig. 2) is found in The Stratigraphic 
Succession in Missouri (Howe and Koenig, 1961). 
Background work for this investigation involved the 
detailed geologic logging of over 1800 feet of core. The 
logs are included in the appendixes. From these, and nine 
other logs, a selection was made of the particular coal and 
holes to be included in this paper. The holes were selected 
on the basis of their proximity to one another. 
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KEY MAP SHOWING LOCATION OF COUNTIES 
FIGURE I. MAP SHOWING LOCATION OF DRILL 
HOLES IN MERCER AND SULLIVAN 
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After the coal samples were selected, they were prepared 
for both megascopic and microscopic study. Chemical analyses, 
which included moisture, volatile matter, ash, fixed carbon 
and sulfur, nitrogen, oxygen, and hydrogen, were made by the 
U.S. Bureau of Mines. 
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II. REVIEW OF LITERATURE AND PREVIOUS WORK 
A. Development of Coal Petrography 
Because of coal's opaque and brittle nature, many 
problems relating to sample preparation had to be solved 
before it could be studied microscopically. At first, 
thin sections for microscopic study were used, but not 
always with reliable results. The main difficulty in 
thin section preparation was getting the section to the 
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desired thickness of 3-5 microns. In contrast, the standard 
for thin sections of inorganic rock is 30 microns. 
The first thin sections of coal were made by Withan 
and Hutton in the early 1830's. Studying three types of 
coal from Great Britain, Hutton recorded the presence of 
cellular structures which he interpreted to be from plant 
tissue. In addition, he identified a large amount of 
resinous cells that were filled with a yellow "liquid" that 
volatilized upon being heated long before any of the rest 
of the coal was affected. He concluded that these cavities 
probably were caused by gases trapped during the coalification 
process. 
Some years later, Friederich Link (1838) found that if 
he boiled his coal samples in kerosene they would become 
more translucent and therefore better for microscopic obser-
vation. 
From 1837 to 1846, a number of investigators burned 
small pieces of coal, either partly or entirely, and then 
observed and described the ash under the microscope. 
J.W. Bailey (1846) developed a method in which he 
pressed the surface of a coal sample containing plant 
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structure against a glass slide coated with melted Canada 
balsam. After the balsam had hardened, the coal was pulled 
off leaving an impression that could be examined under the 
microscope. 
The physical composition of coal was studied for many 
years by J.W. Dawson (1859, 1871). He was concerned mainly 
with determining the exact plant genera and species that 
made up the plant matter in coals. He also investigated 
the question of whether a difference in plant growth or 
plant preservation caused different grades of coal to occur 
in the same bed or in different beds of the same coal field. 
His work was based on coals from the middle coal measures 
of Nova Scotia. 
In 1883, C.W. Von Gumbel macerated coal using a mod-
ified form of a method developed earlier by Franz Schulze 
in which he separated the cellulose in coal. Using a 
mixture of potassium chlorate and dilute nitric acid, 
followed by washing in ammonium hydroxide and then in hot 
alcohol, he observed the process of dissolution under the 
microscope. The results showed that the coalification 
process goes through an entire series from peat to the 
highest grade of anthracite in an uninterrupted sequence. 
He also concluded that all grades of coal are composed 
mostly of combustible material in which one can still 
recognize plant material. Although Von Gumbel's work was a 
great improvement over the previous ten or twelve years' 
research, he used only the maceration process. 
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By the turn of the century, the major disputes as to 
the origin of coal had been resolved. Subsequently, there 
was a large expansion in the use of systematic coal petrog-
raphy. 
Reinhardt Thiessen at the United States Bureau of Mines 
greatly improved the technique of coal thin section prepara-
tion and proposed a system of nomenclature (1920). Thiessen's 
classification was based on his translation of living plants 
into the forms these plant tissues acquire upon coalification. 
He described coal in terms of three main components: 
anthraxylon (vitreous appearing components derived from 
woody tissues of plants), attritus (minute particles of 
vegetable matter resulting from organisms working in vegetable 
matter in swamps and bogs), and fusain (lenses displaying 
fibrous patterns resembling charcoal) . Table 1 summarizes 
Thiessen's earliest classification. Thiessen later modified 
this classification to include different coal types as 
shown in Table 2. 
Table 1 
M.icroscopic Composition of Coal According to Thiessen 
(after Berry, Cameron, and Nandi, 1967, p.6) 
Banded Components 
Anthraxylon (bands 
14 microns thick) 
Constituents o£ attritus 
9 
~Humic matter (anthraxylon-like 










Granular and amorphous opaque 
matter 
Fusain splinters 37 microns 
Fusain (bands 37 microns) 
Table 2 
Coal Types and Their Composition According to Thiessen 
(after Leonard and Mitchell, 1968, p.l-11) 
Banded Coal 
Non-Banded Coal 
Types of Coal Quantitative Statements 
~Bright Coal More than 5% anthraxylon 
Less than 20 % opaque attritus 
Semisplint Coal More than 5% anthraxylon 
20-30% opaque attritus 
Splint Coal More than 5% anthraxylon 
More than 30% opaque attritus 
[Cannel Coal Less than 5% anthraxylon 
Bog head Coal Less than 5% anthraxylon 
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About the same time Thiessen began using thin sections 
to examine coal microscopically, another basis of classifi-
cation was being developed in Europe. The European system 
began with the megascopic description of coal when M.C. 
Stapes (1919) described four distinctly different visible 
ingredients in banded bituminous coal: vitrain, clarain, 
durain, and fusain. Stopes' proposed nomenclature is: 
Vitrain - a coherent and uniform whole, 
brilliant, glossy, indeed 
vitreous in its texture. 
Clarain - has a definite and smooth 
surface when broken at right 
angles to the bedding plane 
and these faces have a 
pronounced gloss or shine: 
the surface luster is seen to 
be inherently banded. 
Durain - hard, with a close, firm texture, 
which appears rather granular 
to the naked eye; a broken face 
is never truly smooth but always 
has a fine lumpy or mat surface. 
Fusain - occurs chiefly as patches or 
wedges; it consists of powdery, 
readily detatchable, somewhat 
fibrous strands. 
C.A. Seyler (1954), in a letter to the Nomenclature 
Sub-Committee of the International Committee for Coal 
Petrology proposed the term lithotypes to designate the 
different megascopically recognizable bands of vitrain, 
clarain, durain and fusain described by Stapes. Lithotypes, 
therefore, are somewhat analogous to minerals in rocks and 
are restricted to megascopic descriptions. 
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In Germany H. Winter first used the metallurgical 
microscope and reflected light to examine sections of 
polished coal. At first, the method was inferior to the 
thin section technique because of its lack of optical 
detail. With further research and development, the polished 
section technique became almost equal to the thin section 
method in regards to results obtained. From this time on, 
both methods were developed along parallel lines although 
few investigators used both methods. 
Similarities between the two microscopic methods are 
evident. However, only a general correlation has been made 
between the components defined within the two systems. 
Table 3 shows the correlation between the two systems. 
The technique of examining coal under an oil emersion 
objective was employed by E. Stach of Germany in 1927. 
Stach and his co-worker F.L. Kuhlwein also developed the 
method of grain analysis by which the petrographic 
components of an arbitrary coal mixture can be quantitatively 
determined. 
At the second International Congress on Carbonaceous 
Geology and Stratigraphy held at Heerlen in the Netherlands 
in 1935, the Stopes-Heerlen classification of coal petrography 
was established. This system gave some degree of uniformity 
to petrographic nomenclature by distinguishing macerals 
from the lithotypes and microlithotypes. Table 4 gives a 
summary of this nomenc~ature. 
Table 3 
Nomenclature Correlation of the Methods of 
Thiessen-Bureau of Mines and Stopes-Heerlen 
(International Handbook of Coal Petrography, 1963) 
-· 
TRANS&IITTED l.IGIIT REFLECTED l.IGUT 
SYSTEM THIF.SSF.N-DUREAU OF MINES SvsTur STOPES-HEERLEN 
Banded 
components Constituents of attritus 1 Afacerals 
Anthraxylon Vitrinite more than •4 11. in width. (translucent) 
Translucent. Vitrinite lees than r4 11. in width. Translucent Humic matter. 
attritus 
Spores, pollen. Sporinite, cutinite, alginite. Cuticles, algae. 
Resinous and waxy Resinite. 
subst. 
Brown matter. Weakly reflecting semifusinite. 
Attritus (semitranslucent). Weakly reflecting massive micrinite. 
Wealdy reflecting sclerotinite. 
Opaque Granular opaque 
attritus matter. Granular micrinite. 
Amorphous (massive) Fusinite less than 37 11. in width. 
opaque matter. Strongly reflecting massive micrinite. 
Finely divided Strongly reflecting sclcrotinite. 
fusain, sclerotia. 
Fusain Fusinite and semifusinite more than 












Lithotypes, Macerals, and Microlithotypes 
(Murchison and Westoll, 1968, p. 10) 
Lithotypes Macerals Microlithotypes 
Principal groups 
Maceral Maceral group Microlithotype of constituent 
and symbol macerals in the 
microlithotypes 
Vi train Collinite Vitrinite (Vt) Vi trite Vt Telinite 
Vi trinerti te Vt+l 
Micrinite Microite I 
Fusain Semifusinite Inertinite (I) (micrinite dominant) Fusinite Fusite I 
Sclerotinite (except micrinite) 
Cutinite 
Resinite Exinite (E) Sporinite Sporite E 
Alginite 
Clarain Clarite Vt+E 
Durain Duritc l+E 
Duroclarite Vt +E +I 
ClaroJurite I +E + Vt 
13 
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At the third international conference in 1951, an 
International Committee for Coal Petrology was established. 
This Committee later published the first concise survey of 
coal petrology under the title International Glossary of 
~oal Petrology (1957). A second edition appeared as the 
International Handbook of Coal Petrography (1963) • The 
book describes nomenclature in the first part and methods 
of analysis in the second part. It stands as the major 
reference in the field of coal petrography. 
B. Previous Coal Studies in Missouri 
The first published statement on Missouri coal was by 
Cobb (1858). Other publications are unknown until Broadhead 
(1872) reported on the geology of coal in northwestern 
Missouri. Winslow (1891) dealt with the coal industry and 
gave a systematic description of all coal beds being mined 
at that time. Brush (1905) briefly discussed the various 
coal fields in the state. The most comprehensive report on 
coal to that date was written by Hinds (1912). He included 
chapters on stratigraphy and modes of occurrence of Missouri 
coals. He also described the coal industry, chemical 
analyses and other tests made on Missouri coals as well as 
very detailed descriptions of the coal fields by region and 
county. This volume was a primary reference for many years. 
Greene (1914), who had worked with Hinds, described the coal 
in northeastern Missouri. A U.S. Bureau of Mines publication 
by Fieldner, Cooper, and Osgood (1926) summarized chemical 
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analyses of Missouri coals up to that date. Greene (1943), 
in an appendix to the Biennial Report of the State Geologist, 
discussed the Lexington coal in the northwestern part of 
the state. Searight (1949) provided a composite description 
of the coal production, distribution, and consumption in 
Missouri. Subsequent publications included a paper by Howe 
and Searight (1953) , and various county reports made by 
Unklesbay (1952) and Gentile (1965, 1967). 
Since.l969, the Missouri Geological Survey has been 
gathering data and preparing a detailed inventory of all the 
coal resources in the state. The very recent report by 
Charles Robertson (1971) summarizes much of this information. 
III. BACKGROUND FOR STUDY 
A. Past Mining in the Area 
Both Mercer and Sullivan Counties, Missouri have a 
thick cover of glacial drift. Five drill hole sites were 
selected in this 500 square mile area, partly on the basis 
of shallow bedrock. Even so, the average depth to the 
bedrock for the five holes used in this investigation was 
150 feet and the average thickness of the overburden above 
the Croweburg coal was 365 feet. The fact that the coal 
beds are more deeply buried in these two counties resulted 
in more mining in the surrounding counties with shallower 
coal beds. 
Table 5 compares the original coal resources and the 
amount of past coal production in Mercer and Sullivan 
counties with the surrounding counties of Putnam, Adair, 
Grundy, and Harrison. 
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Of the less than 50,000 tons mined in Mercer and 
Sullivan Counties, none has been reported as Croweburg coal. 
This coal, then, constitutes a resource of over 200 million 
tons in these two counties. 
The total original resources of the Croweburg coal for 
the state are over 4.4 billion tons (compiled from Robertson, 
1971). Of this, only about 10 million tons have been mined. 
Most of this production is from strip mines in Vernon, 
Bates, Henry, and Johnson Counties in western Missouri 
where the coal is much nearer the surface. Some Croweburg 
Table 5 
Total Original Resources and Mined Coal 
County Total Original Resources Mined Coal 
(Robertson, 1971) (Searight, 1949)* 
~1ercer 3,456,820,000 tons none 
Sullivan 2,168,010,000 47,062 tons 
Putnam 2,365,820,000 3,217,538 
Adair 1,704,250,000 14,833,836 
Grundy 1,163,750,000 853,566 
Harrison 2,681,980,000 934,496 
*Essentially no mining has been done in these counties since 
1949 except in Putnam and Adair Counties where mining continued 
for some time after 1949. Putnam County continues to have a 
small amount of yearly production. 
I-' 
-...] 
coal has also been mined by underground methods in Linn 
County at an average depth of 150 feet. 
18 
B. Recent Physical Exploration 
A three year coal exploration program, sponsored in 
part by the National Air Pollution Control Administration 
(now the Office of Air Programs of the Environmental 
Protection Agency), was initiated in 1969, by the Missouri 
Geological Survey. The purpose of the program was to 
19 
evaluate the coal resources of Missouri. The first year's 
work was mainly directed toward compilation of all available 
data from field notes, published and unpublished reports, 
and well logs. Field mapping was carried out in both 
current and past mining areas. 
The second year's program was devoted to a drilling 
program in areas where important coal resources were 
thought to occur but where little quantitative geological 
data were available. Six counties in north-central Missouri 
were included in this exploration drilling program. A 
related phase was the logging of the core and the detailed 
petrographic studies and chemical analyses of the coal 
recovered in the core. This study relates to this part of 
the program. 
During the third year, data will be analyzed and 
additional reserves computea for areas covered by the 
drilling program. Additional field investigations will be 
performed as necessary. The end product will be the release 
of a summary of all available information in the form of a 
state publication. 
IV. GEOLOGIC SETTING 
A. Lithology of the Croweburg and Verdigris Formations 
Searight and others (1953) included all beds between 
the top of the Fleming coal and the top of the Croweburg 
coal in the Croweburg formation. This designation is 
maintained by the Missouri Geological Survey (Howe and 
Koenig, 1961). The formational name is derived from the 
town of Croweburg in eastern Kansas where the Croweburg 
coal was extensively mined in the past (Hambleton, 1953). 
Where the Croweburg formation is complete in western 
Missouri, it contains from the base upward (Howe and 
Koenig, 1961, p. 37-38): 1) a thin, patchy, dark gray, 
fossiliferous limestone, 2) a tough, black, massive shale 
which grades upward into a medium gray shale or silty 
shale, 3) a gray, micaceous siltstone or fine-grained, 
micaceous sandstone, 4) an underclay, and 5) the Croweburg 
coal bed. 
The Verdigris formation derives its name from the 
Verdigris limestone which is exposed along the Verdigris 
River in Oklahoma. The formation includes the beds from 
the top of the Croweburg coal to the top of the Wheeler 
coal. In northern Missouri the Verdigris formation 
includes the following members, from the base upward 
(Howe and Koenig, 1961, p. 88): 1) a gray mudstone, 2) a 
black, fissile shale which contains rounded and flattened 
phosphatic concretions as well as large, thickly lenticular 
20 
21 
to subglobular, siliceous, pyritic, more or less calcareous 
concretions, 3) the Ardmore member which is a limestone or 
succession of limestone and interbedded shale, 4) the 
underclay of the Wheeler coal, and 5) the Wheeler coal 
bed. 
A generalized stratigraphic section of the Croweburg 
formation and the overlying Verdigris formation is shown 
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GENERALIZED STRATIGRAPHY OF 
THE CROWEBURG AND VERDIGRIS 
FORMATIONS 
(AFTER HOWE AND KOENIG, 1961 ) 
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B. Megascopic Description of the Croweburg Coal 
The Croweburg coal is probably the most persistent 
coal bed in the interior coal basins of the United States. 
A map showing the distribution of the Croweburg coal in 
Missouri is shown in Figure 4. 
Samples for this paper were obtained from five of 
a total of fourteen drill holes. Localities were numbered 
in the order of drilling and this sequence of numbers was 
maintained to avoid later confusion. Table 6 gives the 
exact location of each drill site and Figure 5 shows the 
correlation of the stratigraphic sections from the five 
cores used in this paper. Details of the drill logs for 
the holes are included in Appendixes 1-5. The thickness 
of the Croweburg coal in the five holes averaged 17.4 
inches, but actually ranged from 12.5 to 25.5 inches for 
the bed. 
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Megascopically, the coals are composed of four different 
lithotypes. These are vitrain, fusain, clarain, and durain. 
A polished column of each coal sample is shown in Figures 6 
through 10. The figures show the areas of these four 
lighotypes and mineral matter by use of overlays. Enlarge-
ments of a secondary calcite veinlet in Figure 6 is shown 
in Figure 11 and an enlargement of a vitrain band in 
Figure 7 is shown in Figure 12. 
Vitrain is a bright and vitreous lithotype that often 
shows a conchoidal fracture and is closely cleated. As 
mentioned earlier, the term was proposed by Stopes (1919). 
Bands of vitrain are common features of the Croweburg coal 
although they rarely exceed 4 millimeters in thickness. 
One of the thicker bands of vitrain is shown at the bottom 
of the coal core in Figure 9 where the band is 12 milli-
meters thick. In each drill hole the relative percentage 
of vitrain in the Croweburg coal is essentially the same. 
Fusain, or mineral charcoal, is soft, friable, and 
dull black. It readily disintegrates into a black powder 
when roughly handled. Fusain lenses are fairly common in 
the Croweburg coal and often occur along bedding planes. 
The relative percentage of fusain in the Croweburg coal 
appears to increase towards the east in the sampled area. 
Microscopically, fusain often shows well preserved plant 
cells. The related porosity of the cells makes fusain 
particularly susceptible to filling by mineral matter. 
Some of the pore spaces of fusain are commonly filled 
with calcite or pyrite (Fig. 15). Often fusain may be 
seen grading laterally into vitrain (Fig. 19). 
As shown in Figures 6 through 10, finely laminated 
clarain is the most abundant lithotype in the Croweburg 
coal cores. Clarain includes all bands or lenses of coal 
that are bright and not classified as vitrain or fusain. 
This lithotype is inherently striated and thus has a silky 
luster. As with vitrain, the relative percentage of 
clarain in each of the core samples of Croweburg coal is 
essentially the same. 
24 
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A dull gray to brownish black color characterizes 
durain. It has a hardness well above the other three 
lithotypes. There are only a few recognizable areas of 
durain in the five samples of Croweburg coal. Two examples 
of durain are present in the bottom third of the coal bed 
in Figure 9. 
Calcite and pyrite make up the majo.ri ty of mineral 
inclusions in the five column samples of the Croweburg 
coal. Authigenic and secondary occurrences of these two 
minerals are common in the coal in drill holes 4, 5 and 
9. These represent the three easternmost of the five drill 
holes. Examples of mineral occurrences are shown in 
Figures 6, 7 and 10. The authigenic pyrite occurs as bands 
or lenses. Secondary pyrite is in the form of veinlets 











DISTRIBUTION OF CROWEBURG COAL 
(MODI FlED FROM ROBERTSON, 1971) 
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Location of Drill Sites 
Sample No. County Location 
6 Sullivan SE~, SE~, NE~, Sec 7, T63N, RlBW 
8 Sullivan SE~, SE~, SE~, Sec 26, T63N, R21W 
11 Mercer SW~, SE~, SW~, Sec 35, T65N, R25W 
21 Mercer NW~, NW~, NW~, Sec 33, T64N, R24W 





















DISTANCE BETWEEN STRATIGRAPHIC SECTIONS (MILES) 
6 18 15------~ 
~ LIMESTONE 
!@ \j SHALE 
~~~ SHALE,CALCAREOUS 
~~ SHALE,ARENACEOUS 




i":;·,:;~·:,q SANDSTONE, WITH SHALE LENSES 
- COAL 
/??1NI CLAY 
D'1~1)i CLAY, SANDY 
(7'?1 • .91 CLAY, WITH LIMESTONE NODULES 
FIGURE 5. CORRELATED STRATIGRAPHIC SECTIONS OF THE CROWEBURG AND 
VERDIGRIS FORMATIONS, MERCER AND SULLIVAN COUNTIES, 
NORTH-CENTRAL MISSOURI. (BY WI.LLIAM K. WEDGE) 1\.) 
(X) 
LEGEND FOR FIGURES 6 THROUGH 10 
V - Vitrain 
F - Fusain 
D - Durain 
P - Pyrite 
CS - Carbonates, Salts 
Sulfides 
Other Areas - Clarain 
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FIGURE 6. POLISHED COLUMN OF SAMPLE 6 






FIGURE 7. POLISHED COLUMN OF SAMPLE 8 
3/4 ACTUAL SIZE 
32 
FIGURE 8. POLl SHED COLUMN OF SAMPLE II 
3/4 ACTUAL SIZE 
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FIGURE 9. POLISHED COLUMN OF SAMPLE 21 





F.IGURE 10. POLISHED COLUMN OF SAMPLE 32 
3 I 4 .A C T U A L S I Z E 
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Figure 11. Photomicrograph of Calcite 
Veinlet in Clarain from Sample 
Numbe r 6 (XlO O) 
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Figure 12. Photomicrograph of Cellular 
Vitrain Band and Adjoining Clarain from 
Sample Number 8 (XlSO) 
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V. SAMPLE SELECTION AND PREPA.RATION 
Though fourteen holes were drilled during the overall 
exploration, for the purpose of this report, five holes 
were selected for study. These are comparatively close to 
each other and permit a relatively accurate correlation of 
the coals and stratigraphic units. 
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The coals, recovered in the diamond drill core (NX, 2" 
diameter), were sealed in plastic cover at the drilling site 
to insure against moisture loss and help prevent weathering 
and oxidation. In the laboratory the coal was measured and 
megascopic features such as pyrite bands and other distin-
guishing features recorded. 
The coal core was split to give two representative 
vertical sections. One split was saved for megascopic 
description. The other half of the coal core was again 
split. One of these quarters of the core was saved for 
microscopic and trace element analysis. The other quarter 
was sent to the United States Bureau of Mines for proximate 
and ultimate analyses, BTU, sulfur content, ash fusion, and 
free-swelling indexes. 
For additional studies the half of the core saved for 
megascopic work was sealed in carnauba wax. Broken core 
was held together with cheese cloth and string before being 
immersed for about thirty minutes in hot wax. For the 
immersion, a metal basket approximately 12" x 18" in size 
was constructed with a perforated screen bottom. The half 
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core in stratigraphic sequence was placed with the flat side 
face down and lowered into a pan containing the melted wax. 
The melted wax filled the cracks and helped keep the core 
intact for the handling required in polishing the fragile 
coal. 
After the wax had cooled and hardened, a #100 grit 
silicon carbide belt sander was used to remove excess wax 
from the flat surface to be polished. Successively finer 
grades of belts were used, ending with a #600 grit (15 
micron) size. The core was then polished with a 0.3 micron 
polishing alumina suspension in distilled water on a 
medium nap (AB selvyt) cotton cloth using a rotating lap. 
After grinding and fine polishing the half section of core 
was set aside for megascopic bed profiles (Figs. 6-10). 
The quarter core that had been saved for microscopic 
and trace element analysis was first crushed in a laboratory 
jaw crusher to a 1/8" or less particle size. The crushed 
sample was passed through a Jones splitter until approxi-
mately 500 grams were retained. This split was pulverized 
to pass through a Tyler 30-mesh sieve. The screened sample 
was further split until 50 grams remained. This was then 
split into thirds for petrographic study, trace element 
study, and a reference sample. 
The petrographic sample was combined with a liquid 
plastic binder (polyester resin) and a hardener (methyl 
ethyl ketone peroxide in dimethyl phthalate) . The mixture 
was poured into a 1~" cylindrical mold and compressed under 
9000 psi for 24 hours at room temperature in a Buehler 
hydraulic press. 
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The flat surface of the cylindrical sample was ground 
and polished. A belt sander was used to round the top edge 
of the section to prevent later lap cloth tearing. Grinding 
was accomplished on a low speed rotating lap covered with 
two successively finer grades of silicon carbide papers. 
The surfaces of the samples were ground for about 20 minutes 
using an automatic polishing machine treating six sections 
at the same time using a #240 grit (45 micron) silicon 
carbide disc and an adequate flow of water to remove 
abraded products. The lap with the 240 grit paper was 
removed and replaced with a 600 grit (15 micron) silicon 
carbide disc. The same procedure was followed. On each 
sequence great care was taken to wash the sample and lap 
thoroughly with distilled water. 
Because a much greater amount of polish is required for 
high power microscopy than for megascopic study, three 
additional grinding stages were carried out by hand. First, 
a medium fine (800 mesh) grinding compound was used on a 
glass plate. This was followed with a fine (1200 mesh) and 
an extra fine (3200 mesh) grinding compound. Surfaces 
entirely free of scratches were very difficult to obtain 
for those samples that contained a relatively large amount 
of disseminated pyrite. 
Final polishing was accomplished using 0.3 micron 
polishing alumina suspended in distilled water on the medium 
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nap cotton cloth. The sample was rotated lightly on the 
polishing lap £or only a few seconds because excess pressure 
or prolonged polishing produced great relief between the 
soft coal and the much harder pyrite. 
VI. CHEMICAL ANALYSIS OF THE CROWEBURG COAL 
Proximate and ultimate chemical analyses as well as 
sulfur forms, BTU, and free-swelling indexes for the five 
samples of Croweburg coal are taLulated in Table 7. In 
addition to these samples, 26 coals from the same five 
drill holes were also sampled and analyzed. 
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The average fixed carbon content (moisture and ash 
free} for the five samples of Croweburg coal is 50.6 percent. 
The average BTU content (moisture and ash free} is 14,194. 
Sulfur is high, averaging 5.5 percent on the moisture and 
ash free basis. This average was raised considerably, 
however, by sample number 6, which contained large veinlets 
of calcite and pyrite that were not discarded prior to 
analysis. These veinlets could easily be removed with 
some types of coal preparation. The ash content on a 
moisture free basis averages 9.7 percent. 
In comparison, other coals from the same holes had 
a range of from 47.7 to 55.5 percent fixed carbon content 
(moisture and ash free) . The BTU content (moisture and 
ash free} of these other coals ranged from 13,280 to 14,590. 
The average sulfur content on the moisture and ash free 
basis for all 26 coals sampled in the five drill holes is 
6.2 percent, somewhat above the average for the five 
samples of Croweburg coal. 
The logs in the appendixes show the position of the coal 
beds above and below the Croweburg coal for these five drill 
holes. 
TABLE 7 
Chemical Analyses of the Croweburg Coal 
Proximate Analysis I Ultimate Analysis 
Hole jsample Thickness Depth Conditions• Moisture Volatile Fixed Ash Hydrogen Carbon Nitrogen Oxygen No. No. (inches) (feet) Matter Carbon 
4 6 20.5 356.9 1 13 35.9 37.4 13.7 5.3 55.6 0.9 17.0 
2 - 41.3 42.9 15.8 4.4 63.9 1.1 6.1 
3 - 49.0 51.0 - 5.2 75.9 1.3 7.3 
5 8 17.0 335.1 1 11.0 41.8 40;7 6.5 5.9 65.9 1.1 17.4 
2 - 47.0 45.7 7.3 5.2 74.0 1.3 8.6 
3 - 50.6 49.4 - 5.6 79.8 1.4 9.3 
6 11 12.5 494.5 1 13.2 39.1 44.1 3.6 66.3 66.3 1.2 19.3 
2 - 45.0 50.9 4.1 5.5 76.3 1.4 8.9 
3 - 47.0 53.0 - 5.8 79.6 1.4 9.2 
7 21 25.5 283.3 1 18.1 35.0 38.1 8.8 6.1 58.3 1.1 22.8 
2 - 42.7 46.6 10.7 5.0 71.2 1.3 8.3 
3 - 47.9 52.1 - 5.6 79.7 1.5 9.2 
9 32 12 358.0 1 14.7 39.9 36.4 9.0 5.9 59.2 1.0 20.8 
2 - 46.8 42.6 10.6 5.1 69.4 1.2 8.9 
3 - 52.3 47.7 - 5.7 77.6 1.4 9.9 
-
~-
* 1 - As received 
2 - Moisture free 
3 - Moisture and ash free 
Sulfur Forms 
Sulfur Sulfate Pyritic Organic 
17.5 0.37 5.00 2.51 
8.7 0.42 5.75 2.88 
10.3 0.50 6.83 3.42 
3.2 0,01 0.80 2.40 
3.6 0,01 0.90 2.70 
3.9 0.01 0.97 2.91 
3.3 0.01 1.07 2.23 
3.8 0.01 1.23 2.57 
4.0 0.01 1.28 2.68· 
2.9 0.00 1.34 1.56 
3.5 0.00 1.63 1.91 
4.0 0.00 1.83 2.14 
4.1 0.00 1.93 2.16 
4.8 0.00 2.27 2.53 





























VII. PETROGRAPHIC ANALYSIS OF THE CROWEBURG COAL 
A. Classification and Method of Analysis 
Because coal is not homogeneous, but is composed of 
various macerals which vary greatly in physical and 
chemical properties, the quantitative determination of 
these macerals is an important phase of coal petrography. 
The maceral composition of coal may vary not only between 
coal beds, but also between bands and even within a 
particular band of a coal bed. 
Macerals occur in coal in an extremely fine mixture. 
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To be freed, the coal must usually be crushed to approxi-
mately 25 microns. With coarse.r particle sizes, the macerals 
form groups or assemblages known as microlithotypes. The 
percentages of macerals making up various microlithotypes is 
shown in Table 8. 
Microlithotypes that are hi-maceral or tri-maceral have 
greate.r physical strength than mono-maceral microlithotypes. 
This is important when considering coal preparation techniques. 
In addition, other properties of individual macerals may be 
affected by their association with other macerals. 
For the purposes of this paper, the maceral groups of 
vitrinite, exinite, and inertinite (Table 9) were counted 
in polished particulate samples prepared from cores of the 
Croweburg coal. Mineral inclusions were also counted. A 
summary of the mineral matter in coal is'given in Table 10. 
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The maceral analyses were carried out using the point 
count method described in the International Handbook of coal 
Petrography (1963}. 
(Fig. 13) was used. 
A Swift automatic point counter 
The polished surface of the coal was 
viewed through a lOX ocular with cross hairs and the 
maceral lying under the cross hairs was determined each 
time the stage moved .3 of a mm. A 25X oil immersion 
objective was used giving a total magnification of 250X. 
A total of 1000 points was counted on each polished sample. 
The number of points counted was converted to proportions 
by volume and expressed to the nearest tenth of a percent. 
The percentage of various maceral groups counted on the 
surface area of the sample is considered equivalent to 
the percentage of macerals represented in the volume of 
the sample. As noted earlier, the sample was put under 
pressure to avoid segregation of the macerals and maceral 
groups. According to the International Handbook of Coal 
Petrography (1963) the accuracy of analysis using this 
method and counting 1000 points is about + 2-3 percent 
for each maceral group. It would be necessary to count 














Proportions of Constituent Macerals 
>95% vitrinite. 
> 95% exini te. 
>95% inertinite (except micrinite). 
>95% vitrinite and exinite. 
>95% inertinite and exinite. 
>95% vitrinite and inertinite. 
Vitrinite, exinite and inertinite must each 
exceed 5%; proportion of vitrinite must 
exceed that of inertinite. 
Vitrinite, exinite and inertinite must each 
exceed 5%; proportion of inertinite must 




Description of Macerals in Reflected Light 
(modified from Berry, Cameron, and Nandi, 1967, p. 8) 







Continued on next page 
Appearance in Reflected Light 
Groundmass for other macerals; often cell 
filling of telinite; no visible structure; 
Occurs with collinite in discrete bands; 
shows cell structure; grey to yellmdsh-
white. 
Elongate discrete bodies; dark grey to 
lighl: grey. 
Narrow bands, one edge of which is often 
serrate; dark grey to light grey. 
Derived from algae; weaker reflectivity 
than associated vitrinite and sporinite. 
Discrete small bodies, round, oval or 
rod-shaped; black to grey. 
""' 0'1 
Table 9 cont. 





Appearance in Reflected Light 
Variable form, finely to coarsely granular; 
light to white. 
Discrete lenses, bands and fragments; 
good cellular structure; yellowish-white. 
Intermediate between vitrinite and fusinite; 
cell structure not as well defined as 
fusinite; light grey to white. 
Round or oval bodies or interlaced fibrous 




Principal Mineral Inclusions in Coal 
(International Handbook of Coal Petrography, 1963) 
INTIMATELY INTERGROWN WITH THE COAL 
Deposited in 
Deposited by water Originally formed cleats and other 
or windblown in the peat fissures (coarsely 
intergrown) 
Clay Illite, sericite, kaolinite, leverrierite, 
minerals montmorillonite, etc ... 
Accretions of siderite, 
Carbonate dolomite, (ankerite), Calcite. 
minerals and calcite. 
Ankerite. (spars) FeC01 and CaC03 in 
fusite. 
Accretions of FeS2• 
Pyrites 
Marcasite 
Sulphide Accr,etions Zinc blende 
minerals of FeSa·CuFeS2-ZnS 







Quartz Granular quartz. quartz produced by Quartz decomposition of Chalcedony 
aluminium silicates. 
Salts 
(chlorides, Rock salt, thenardite, gypsum 
sulphates, 
etc ... ) 
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Figure 13. Swift Automatic Point 
Counter Attached to the Olympus 
PMS-II Photomicrographic System 
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B. Results of Analysis 
Results obtained from the point count of the polished 
sections representing the entire coal £rom each of the five 
drill core samples of Croweburg coal are shown in Tables ll 
through 15. Examples of the maceral groups and mineral 
inclusions observed in these polished sections are illustrated 
in Figures 14 through 21. 
Vitrinite was found to be the major component in the 
coal. This component most commonly occurs as massive and 
uniform particles. Occasionally some cell structure may be 
visible (Fig. 14). Fusinite, on the other hand, always 
shows a characteristic cell structure. Semi-fusinite, a 
transitional component between vitrinite and fusinite and 
very similar in structure to fusinite but with a lower 
reflectance, was ··not distinguished from fusinite in the 
polished sections. Micrinite, a member of the inertinite 
maceral group, occurs as a massive, fine-grained, structure-
less form having a reflectance between vitrinite and 
fusinite. Exinite has the lowest reflectance and consists 
of plant spores, resins, cuticles, and pollens with similar 
characteristic properties. Pyrite and calcite make up 
most of the mineral matter present in the coal. 
For the five polished sections representing the 
Croweburg coal, vitrinite ranges from 80.1 percent to 89.9 
percent and averages 86.1 percent. The average percent 
composition of inertinite is 3.7 percent and ranges from 
3.1 percent to 4.4 percent. Exinite averages 2.8 percent. 
The average percent composition of mineral matter and 
pyrite is 7.4 percent. 
On the basis o£ these five representative samples of 
the Croweburg coal, the vitrinite appears to increase to 
the west or towards the Forest City Basin. In drill hole 
number 4, which is the furthest east of the five drill 
holes, the Croweburg coal contains 80.1 percent vitrinite 
(Table 11). This is compared to drill hole number 6, the 
furthest west of the five drill holes, in which the 
Croweburg coal has 89.2 percent vitrinite (Table 13). In 
contrast, the other components of inertinite, exinite, and 
pyrite generally increase to the east or away from the 
basin (Tables 11 through 15). 
These general observations are made on a minimal 
number of drill hole samples. The results may be modified 
after the detailed study o£ the other nine drill holes in 
the area is completed. Results of this study, however, 
suggest that the method used is a useful tool for a better 
understanding o£ coal. 
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Table 11 
Results of Quantitative Microscopic Analysis of 
Sample Number 6 from Drill Hole Number 4 
Component NulT'ber of Counts Percentage 
Vitrinite 709 80.1 
Inertinite 38 4.4 
Exinite 31 3.6 
Mineral .t-'latter 
and Pyrite 95 11.9 
Void 127 
Total 1000 100.0 
'l'able 12 
Results of Quantitative Microscopic Analysis of 
Sample Number 8 from Drill Hole Number 5 
Component Number of Counts Percentage 
Vitrinite 724 87.1 
Inertinite 35 4.2 
Exinite 24 2.9 
Mineral Matter 
and Pyrite 48 5.8 
Void 169 
Total 1000 100.0 
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Table 13 
Results of Quantitative Microscopic Analysis of 
Sample Number 11 from Drill Hole Number 6 
Component Number of Counts Percentage 
Vitrinite 756 89.2 
Inertinite 28 3.3 
Exinite 22 2.6 
Mineral Matter 
and Pyrite 41 4.9 
Void 153 
Total 1000 100.0 
Table 14 
Results of Quantitative Microscopic Analysis of 
Sample Number 21 from Drill Hole Number 7 
Component Number of Counts Percentage 
Vitrinite 736 87.4 
Inertinite 26 3.1 
Exinite 28 3.3 
Mineral Hatter 
and Pyrite 52 6.2 
Void 158 
Total 1000 100.0 
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Table 15 
Results of Quantitative Microscopic Analysis of 
Sample Number 32 from Drill Hole Number 9 
Component Number of Counts Percentage 
Vitrinite 676 86.9 
Inertinite 26 3.3 
Exinite 13 1.7 
Mineral Matter 
and Pyrite 63 8.1 
Void 222 
Total 1000 100.0 
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Figure 14. Vitrinite (Telinite) Showing 
Cellular Structure from Croweburg Coal 
Sample Number 6 (XSOO) 
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Figure 15. Disseminated Pyrite in 
Structureless Vitrinite (Collinite) 
from Croweburg Coal Sample Number 8 
(XlOOO) 
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Figure 16. Pyrite Veinlet in Vitrinite 
(Collinite) from Croweburg Coal Sample 
Number 6 (X250) 
57 
Figure 17. Pyrite Filling the Cells of 
Inertinite (Fusinite) from Croweburg 
Coal Sample Number 6 (XlOOO) 
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Figure 18. Discrete Fragment of Inertinite 
(Fusinite) from Croweburg Coal Sample 
Number 32 (X250) 
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Figure 19. Inertinite (Fusinite) Showing 
Broken Cell Structure (Bogen-Structure) 
from Croweburg Coal Sample Number 21 (X750) 
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Figure 20. Section of Exinite (Resinite) 
from Croweburg Coal Sample Number 8 (X250) 
61 
Figure 21. Inertinite (Fusinite) Grading 
into Vitrinite from Croweburg Coal Sample 
Number ll (X250) 
62 
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VIII. COMMERCIAL APPLICATIONS OF COAL PETROGRAPHY 
Practical applications of coal petrography relate to 
the exploration and exploitation of coal mine lands as well 
as the preparation and utilization of the coal. 
Geologically, coal petrography can aid in the correla-
tion of coal beds, the calculation of reserves, and the 
planning of a mining program. Correlation based on 
petrography has been demonstrated over distances of 
several miles by Hacquebard as described by Neavel (1961) . 
Hacquebard studied two column samples of cOal microscopically 
and divided them into distinctive petrographic intervals. 
In comparing the two columns he found they were very 
similar and thus substantiated a correlation previously 
made only on stratigraphic evidence. 
Being able to prove a coal bed is laterally continuous 
is a great aid in reserve calculations. This can be 
accomplished by the coal recovered from a standard drill 
core since the coal required for petrographic analysis is 
small. 
In industry, coal petrography aids in determining the 
cost of retrieving the coal. The ease of mining the coal 
is affected by the coal's lithotype composition. If the 
coal is high in fusain, serious dust problems may result. 
Another factor according to McCabe (1942), is that durain 
requires 2.5 times as much power to break as clarain and 
7.5 times more power to break than fusain. Research at the 
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u.s. Steel Corporation has shown it requires 40% more 
electric power to run a continuous miner in a durain portion 
of a coal seam than in a much more friable clarain portion 
(Leonard and Mitchell, 1968, p. l-13). 
The next obstacle to consider is coal preparation. 
When setting up a coal cleaning process, it is important to 
know the physical properties of the coal macerals and what 
kind, how much, and in what way mineral matter occurs in 
the coal. As has been shown in illustrations, mineral 
inclusions may be intimately intergrown with the coal 
(Fig. 15) or may be deposited in cleats or fractures in 
the coal (Fig. 16). 
Important information to be gained from coal petro-
graphy in regard to poal utilization includes the possibility 
of predicting coking quality, the degree of oxidation, 
and the ease of hydrogenation of the coal. In addition, 
pyrite removal is important in dealing with the problem 
of air pollution. 
IX. CONCLUSIONS 
On the basis of this limited study, the following 
are the most significant conclusions that may be made in 
regard to the Croweburg coal: 
(1) The thickness of the Croweburg coal in the 
area of this study varies from 12.5 inches 
to 25.5 inches. 
(2) The Croweburg coal is composed mainly of 
finely laminated clarain which appears to 
increase in percent to the west toward the 
Forest City Basin. 
(3) Mineral matter occurs both as authigenic 
and secondary inclusions in the Croweburg 
coal and increases to the east away from 
the Forest City Basin. 
(4) The average sulfur content (moisture and ash 
free) of the five samples of Croweburg coal 
is 5.5 percent. 
(5) The average BTU value (moisture and ash free) 
is 14,194. 
(6) The microscopic component of vitrinite averages 
86.1 percent in the five samples of Croweburg 
coal and increases to the west, towards the 
Forest City Basin. 
(7) The amount of inertinite and exinite increase 
to the east, away from the Forest City Basin. 
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Obviously, this thesis has barely scratched the surface 
of possible petrographic studies of Missouri coals. Suggestions 
for future coal research include: (1) extended study of the 
Croweburg and other coals, especially those presently being 
mined in Missouri, (2) a trace element study of the samples 
collected for this project, and (3) a study of the correla-
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FOREWARn TO APPENDlXES 
The following logs, as well as nine others not 
included, were prepared before the particular coal and 
holes to be used for this paper were selected. Hue, 
value, and chroma refer to the rock color and are from 
the standard rock-color chart of the National Research 
Council. Grain size and angularity refer to the size and 
shape of particles. To standardize this, the following 
system was used: 
Grain Size 




Very Fine Sand 
Silt 
Angularity 
Rounded = 4 
Subrounded = 3 
Subangular = 2 



















Symbols used for primary structure and alteration 
(including mineral inclusions) comprise the following: 
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--
Phosphate concretions AU Stylolites 4.6 Breccia 
-
•• Limestone inclusions 00 Clay balls ol.... Arkosic 
~ Crossbedding I Faults (7 Organic 
= 
Laminations f Fossils p Pyrite 
c Conglomeritic m Micaceous • Vugs 
An ultraviolet inspection and radiometric reading was 
also made. The latter was determined through use of a 
scintillator. For the radiometric reading, the background 
was .005 MR/HR. The figures given on the logs are xlo-4 
MR/HR. Each type of sulfur (.organic, sulfate, pyritic) in 
percent is shown for each coal bed analyzed. Formational 
correlation has not as yet been finalized. 
75 
76 
Kole No. QP-~ Lorc•d by /{., W~d!\£.:: Project HEW 
Oat e. Starteol ~fl.. t:l.Z" Property Sf.•-/§. lf.,-,_JJ.v~ ..2>~~· Sec. 1. T'ap. "SN Ra··~ 
Date Completed ~~(;_. t97o County ~I!J·vlla State -4~sDvri 
Depth to bedrodc /2~.0 "Depth in bedroek .:lSS". 0 Total Depth 381.0 a 




Remark'------------------------------------------------------------------------~~~-----4~~------(r....t evc~:J I ~) CO/.A<t t;,RittN~ 
.t>~><I•..Su'"'"'""'Cl ~~
.t>D I I I 
J;~, hn :1 ~,_, ,(, .1""¥ 0 .• IIW¥, 
s.- Jt-l<t/J,., •• ,,., min, .s·-
or,..,,e m.fl, •I hltt 
.tlii•I.M•, ~N.?•.JIW" will. J.nt I,.JI 
.rlrltrf#n, ""1 .-•n.ly _, !l"•.lu 
ml• s•t>.l•..._ ,.,..,;~,_ Nile, 
IIIJ611i~ c/',.l,.,r'S ttnl nt•n•sih 1~ 
hlf- 7' 
-: 
.S'-1' ., J 1 --
.SV-# (., .I I j I i I 
I 
! 
Llm::!::".Ju.//:~7~~~ clay, ..-A~u, ihh,.../t, "ip=j=r: &o /.B N S 1 J _ 
L,'muf••e. 1 ],.,,.,, gr•', (•,.i/ilu·~•r __ I ·• 
.l'htllk, 4r-11lt" l'•lt•rrous 1M/ s.-,... L6. - 111' ':~ 
.sA. • rrrn WI brn ,.,.., •• h•ltc 5 fl. atlr. .8 
Ls., ""•"4"•Y .,.. .... , l'.•.lllihl.-••• 1 t'Nir.w#~...-7.,1>l.]) ~ 1.1 
s 
Ill s J l 
,sy. _f.. 
- r. l I 
.s-&v 7 # I -
77 
.56}' B 1 j 
I'll .s- .I 
IV ~ .I J 
S"~Y 7 I 1 
1 1 
~- SIIMQI.CO 
tr:f:;"'ffr n i'. 8 ~,...... 'IS.'f 
~-~'" 11.9 
%:/9!': 't:~ 1 
/#<Jir zs:, S3ZtJ ~ VlT,_r'.F /IJd.D sru lf~TO ~ .3 
/.3830 
DESCRIPTION 
J J I 
7 1 I 
$•H.s-lo~, fi~ltl' ~ ,.,;. 9'•.1, ,, .. , .. , -~~ -:·!<;·:,··~.:.:.;;;·"'·~· ~---•+_2_'"--+-H-~~~-+.s_-_7--+_::1~1-J:__-1--+--~ 
topJ much Dr9t1111c. m1tf~r ~ 
Soi'Hfl~-f•nc, ''"*At 9'•J1 c•lure•M$ 1 -:: z"4/£,:.";f..'"::;k'~"::.7~",.,:" 3Eff~ 346.• 8-~ ' 
Coal- ..s.,.,,_/ .. 5 (.s~ ;_,,.rrl9 IIJ..J. 





































Hole No. __ _cG~P_,~5~--- Logged by __ u./{~. _,lAcu.l-"-ed"'-'~T'e""-'---- Project __ _HE.W 
()ate Started J?e c:- 1"11 b Proper ty __ ,.!)"'t_..a.,.te ... ,'--'oi=----'M'-"'-'-.s"-s o"-"-v-'--r"-i __ Sec . Z.(, 
Date Comp 1 et eel_.~~- _l~]_Q__ Coun ty __ __:5::..:::14.:..1l:..;i.o<v_.,c.'-'V\'-'---- Stat •--~~'-"'-'-i ___ _ 
Depth to bedrock lSI. 5 Depth in bedroek_~~~a~4~-~3 ___ Total Depth 3SS.B 
Collar Elevation -~q~7~D ___ Dril1er __ ~~~Y~o~~~n~t~:JYq~-----~Dril1 used __ __;___;/Vc.;.)(:..__ ___ ·----
Other ReM~rks --------~A1~•4Ku!O~?~saL~~~~~IV~·hV~·-£0~/~~At,~,~·~~~~--
0 It; "' ~~~~ l L.rTII- DfPlll ,.. ........ 'li. .1~11A1rl[ I D£PTK > ii ~; D ESC R I P T I ON OLDI!iY ,... of CORE MilE ~~LU£ c~- AHi•lAR. 
,l! aE ~ ~· Sl'tE :;;~ 
'-" 
TOP UNIT REC.. 
~ Cloy, 9r•y•sh red, lt9ht +tl moJ .. ,.~. oh•~ ·o .-;: 
-
t"J/ and 9'"'.YISh i><OuJn n'IOHI<.<I : oo·· /5/.~ 
-
l"ittle oo··~ 150 ~ f;: o<o;, ......... ,. J.'U"''' ,..,, •••• ,~ ·: o· 
-
C.041 s ..... t <>t op 
nu -: I~ ""'. ......... ,~, ... , .~, ..• ~ 10 R 
.,. 2. - -
tS5~ dark re.d..d.,:.h brewn rnotf:l~d -- ISIS Slo SY 5 .t - -!'; Shale., 9~'t!.tn•sJ.-9,.."'>', cfayey . 5'/R 3 z. - -~ ~ C.lo.v qrtb11~h • gr11]1 wl Z·J ,..., Ls ,prfl.\ - n~- 54'/ s .1 - --:: I~ , ... .,.,., ... , .• ,,,, r•"-'""·~ 15"1.1 t/.8 56Y 'I 1 ~ -l"-0 ~ IH 5•me..,lr•i :sJr,.(ey at ii.St! ., 
.s/r,./e, qne,t.sl. Jf!'/ +• ~,, ... ;, .6/r., - u~ { :SlaY .s s 
- I~ 1'19 J..l lOR ..3 
" 
- -
/ft,5 -: Cilfcoreous ligl.fly /4mlno:ld •• Lth>t!SfMe., 9,. ... ,, .. ;,_,,.!1 -:r .. .., ... ,;,:~,,.\~ ~~ OS /'" 4• 54'/ " 1. .. -ss ..sht~ley. ~sp, t:.-t l>ue. ,. ,. 
Clt>y, mt!.J. f11 <lArk t"~~~~/Sh fl"'.Yt ~ ss ~)lo? /U.Z l·~ S(d (, 1. - --/7()-: SS' ": # J,fu,lnolls h111 ef'JQ/. cale•n~ou.s . 
~ I CM.f 5.Llud of -hlp ~ /70.~ z.t N b J. - -~ Ia; L,n.,r.s+,ne ,· <J~t?lf!Sh_,r .. y, cl~t?!/ s ~-175 sr , Claj, {u""'sJ. ~, ve':Y OJI!t!tlf'e•us '\. I 1/.t s j. t.o 115·1 .7 s y S• j 
~ ~ § a ft> p 1 9 e ~ -hi ntd. ddlrk. :rrrr N1o 5 SirY " :1. f:,•~m.sh- fl"".Y clay, lrs:s calt:Df'UIIJ ,,,,J 2.1> S'6tY 1.- .1 180~ f WD~J~ "btr$e 6S f Lim ~Sf11n'-J hJ~J. ltfhf 9r•y, .f~ . .I' -: ~ f78.Cf z., N ~ 1 ~ "' ST 1; Utry t:fi!~y .1 -fDSSJJ,:f~,.~MS 1 e~•ltrllf~ ::-,.-'-~ 1St'{ 2.11 ~Y-N -:: f. uuy c •ye.y hwa,-.U i..se. - 1.-~ 1.. - -185 ..., 
.5hole, 4f'~e,JsJ. gray wiN, S4n.l ""e!.l. } ~ 18¥ .1. "' '1 1 -- -'-'"I= 9r11y~ calCIA.,I!eJu.S, ~,,_what I111Hi1J., ~ ~- 18'1.2. ].$ tJ·S~ 
" 
1 
. ~~ "'~ .. ,,~ ... , !<...;,-1 r,...-r~ 5/,Y 
" 
1. - -. 
/,() s'D ~•lit i•wards b-ut qypsam )(Is Ill ~ =-~2- IUS 
'·' 
5~ 5 z - -
- ~; •o f Ltm~sltut£ htjltf gr•y, Uss1!JF~r4us i~ Sli 3 2. - -
-:: f{ .Sh .. l• 1 ,..,.J. lt1hf tJnzy +t> ?N"nl.sl. 9''!t. : .., 
le>Jj i lfl4. ·'~ .S'Y ~ 1 ;,s ., ft~sstftfuDMS n~,.,. -f•p, cofrarrous, ( 1 IU (,-¥ J •o qraJnt'! +• iJY11t.ytSh f'Ur;J>It!.. QM /.I 56>' . "' qrun•sh flNhJ f1wMdt .btu~ ~ ,,-~., 3.1 .S6Y ~ 1 -- -. 511tJit1 qrLCIII~J,- ¥'•f ~ qr•y,~h 9nen. -fD . J er diA~ky 'Jf'Un1 U<ry ColCAn•us, jjj: /f1.9 1.¥ S'Y t.·B 1 :zoo ;i ~· &Jtry ftUSIIiftrou.J- +n,.., 1•0' "'o "2·'' ~ !,f-:.: /fU 3./ S<SY 7 I L,.u.slont: iJr,.•nisJ. qray, SDnoc<Aihlt ary11.1/ ~ -
-: ;~- P. Slt~llt!.> qru•11ul. -i.,..,..Y Tt> d4rlt 9"""a/, · 1~ 2"2."1 1·3 N J·l I ~ 
.20:i ~ 70 <18 • tF1 .: 70 •• qf>iy, CQ/t:. Z v~rf r~>Uih~ inlcrv.,/t lt)],"J 4.8 IV 7 1 - -~ ~ .Shaf~, 9'""'"-'/, .J""'!I /f IT> 9r11./m~ 0: I( ,nl'tt h1D tiA on h•c -7<> _,,"""'11. . 
.7!0 ~ ... <!Jt"ll!f o+ b•s~_, br11wn ~41Jtl.: -~ , .... 3.4 SY ~ J • -- i! '" "" ~ h•>< ~·< '"' 1c .s?;Y 7 1 ~ ~ '-D 
""=' 
JJ,..,~ 1~,~ _, htlrt" "''"~ 9'•.1' f'. y~IIN.~·/"""'1'-, , -: =-.:. 
:us-j. t: aNJtllac~ou.s, hss//ikn~u.t = /./3' IV 7 1 @. .. ,.-...:_ -- - -~ ~~ Jtllsltm~, grunts/,- .!N:Y, calt<>.._s, -:: .:.4 Jll., 12., ~ iou!lif. 1 Conlllu,·ng ~s,.,.,, if.,,J:~r :C: :-=.:.-:-








Co<> l .s .. ,.,ple 8 } 111m1 
Cl<>.y, u<ry l1ght fc n.cd. hfht 9"'.Y• '11//H/ 
orga. .. ~;c rM.Gitt~tr.1 llntt$+one pcllch start 
al: 33.8' tJ"J can-ftnu.e. i'a OQSt- 1 a la"fC 
lu•ttf's+on& nodule {..~' /o119J at "•sl!._, 
rjt'adf!!t •'""+6 ur11t be Jow 
51r•le 1 m~J. qr11y, clay4y co(ea!'el1u.s_, 
UJdh lim~sTont: r1Ddul~.s _, pyrdif~l'tJUJ 
{!fay, 119/d qray, .:Jatu:fy, hara', SAM/I 
py,.~l~ par-f,c/~3 ~ SP/1111! Ctz~. inlervoiJ 
C le.y, l1ghr 9'"'!1 -It> 'frt'UIIsh gray, 
qe~~m<J o'arkt'r :ll>wand.s /Nut', 
:brfU,/nDU...S /4~~,_ Q, i>DSI!!. 
/-l UE VALuE CHR""4 AN~UL 1~ Jr>4•n.l 
$liE 
~t·S"4iY 4o I 















Ct>e~l - .5tunDie 7 
Jlya',g;;, ~'" c,.,J,,., ~.7 
Ndro5t'" I. 0 
01t"f10• 19.S 
$o~tl" .. ,. Y.S" 
A'3./j IZ. 7 
ULTI/I?ATE /0/J.O 
Coal - J".,.,e/e 8 
llvd'rt>!l""' S.9 
t'or6,.-. 65.9 





(, 1 - -
.5""-3 1 - -








7 1 - -
8 .J 
(, 1 - -
s J 
., J 
.300. 2' (R/1!.1 
/'n.,I.S fM,.~ /$". 0 
Y11l•l-ile .3 -1. 4o 
.CiJ<<a' C.,J,,., 37.7 
.lls.li tz. 7 
PltOY/NIItrE tOO. 0 
BTU I Ot$0 ~~~ 













tto l e No. __ __,C:o..P:..__--"'6 __ _ Logged by----~~~·~~~~~~~,~9~~~------- Project ______ ~).f.~~~~~------------
Date Started Fe.6. 197/ Property __ -=~~l.~~~l.~~~hQ~~f~~~~~g~~~~~~t"~r.~.- Sec • ...3S Tsp. ~.s,., Rge. 2S..., 
Date Completed re6. 1971 Cou.nty ~ercer State 4:S.se~vr..-· a Depth to bedro~k 25"0.9 Depth in bedrock 525.1 Total Depth 771.,. () 
Collar Eteva.tio~ /OZO "!: Driller 8Y&~U'/7/~9 Drill used ....VX' 
..... 
Other Remarks (250.9) : d~efA l.o -te cl' unil 

































Shole, JH~d'. gra!l fo gr~cun.sh gr4}/, 
/ilh'J/nal~~ C'D,.,IQiAS na' irl'nS hne 
Concr~:ll/~n.:s I.I'J },.j''r ~ Df ~hlf_. .S4m~ 
~h?v.-if:1~71ur;u::.~ O::,:le~::f ;..,ta;11J' 
/}yril~ Of .33,.3~ S/t~/,1(!/ M/~Hok$ 
anti J?l#re .f'tSsilc /n l·w~... t 6 ... 
83 
l 
IV S J 
IV .s 1 





+'/.. 1 1 
1 J 1 
'l"s J 1 
N I 
Hole No. ____ ~~~P~--LZ _______ Logged by ____ ~~~--J~~e~~~?~e~-------- Project ____ ~;Y~~~U/~--------------
Date Started Marc/, /9 7/ Proper ty ______ .:::J..:.I-.::a_,_~-"e.'------------- S e.c. 33 Tsp. &-'7" Rge • ..d!L._ 
Date Completed. ___ 4~p~r~t~/--~/_9~7.~/ ____ County _____ ~~e-~_c_e_r __________ State _____ ~~~~s"~s_o_o~r_,_· ______ ___ 
Depth to bedrock._-=.5'-'0'--' ----'Depth in bedrock _ _.L..~.:::8..:::.'.: ___ Total Depth 53&-.tJ' 
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DESCRIPTION 
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DESCRIPTION 
Clay, mc.J. 4"•Y +. ...... , .sft•I..J in pia_,, 
P1rri,Ferou at .,,., .. 
fh.I&J tMil..ll1 9f'&Ut.• 9'•JI 1 hlp .9' P,Yr'lf',le,eus_, 
lrtM ~lllrttt;/ tn plo~u, JtJwt.r .K. cla,J(er 
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H.ole No. CP-'i. Loaa•ct by K ldkclye Projec:t ____ ~Af.~~~-~~~----------------
Date Star teet ~6.. I 'f.7t_ Jft:dG ------"'-'-""-'-=------------- See. ___ 5'.:::.... __ Property Tsp. 61("' ..<g•.~ 
Date Completed /J1a¥ N7t. County !.Jf.~r,,r State __ ~;??,~,~j~J~o~u~~~/_· ______ _ 
Dep~n to bedro~k /70' Deptn in &-/?' 
---"'-'-''----'rota l Depth -~..!....!..7.£.9_' _ bedrock 
Collar Elevation~--~/~0~3~~:--'--~DrLller _____ 49.~-r~o~~~/7~/~/7~v~f~----~Drill used ----~/V~,V~------------------
Other Remarks-----------------------------------------------------------------------------------------
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